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DEPARTMENT OF THE ARMY 
HCAOQUARTCn* US ARMY AVIATION MATIRIIL LASORATORIM 

FORT tUVTIS. VIRGINIA 11*04 

This contract was initiated to acquire NH-3A/S-61F helicopter noise 
meaturements simultaneously with low- and high-frequency aerodynamic 
rotor loads for the purpose of verifying the accuracy of a rotational 
noise prediction program. The program itself was modified from the 
previously assumed rectangular chordal airload distribution to the 
actual measured chordal airload distribution or to any arbitrary chordal 
distribution that the program user wished to assume. 

Results of this contract demonstrate the Importance of high-frequency 
airloads and the chordal airload distribution in rotational noise 
predictions. Although inconclusive regarding how many loading harmonics 
are necessary, findings do show that knowledge of the chordal airload 
distribution can compensate for a lack of high-frequency airload data. 

There are a few available analytical solutions to helicopter rotational 
noise In addition to that reported herein. These analyses vary in rigor 
of approach, degree of difficulty of usage, and quantity of input data 
required, but all appear to be uniformly accurate for the first three or 
four harmonics of rotational noise under the few normal rotor operating 
conditions examined. 

A program is currently under way to:  (1) simultaneously acquire noise 
and rotor airloads data for "slapping" and "nonslapping" flight conditions 
of a CH-53A helicopter and (2) correlate these data with noise and airloads 
prediction methods. The acoustic analyses presented herein will be modified 
and used in an attempt to predict the occurrence of impulsive rotor noise. 

- I tuä   ^M^._ 
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ABSTRACT 

A computer program for rotational noise prediction is documented in the 
following sections of this report. The program was developed as a part of 
a study to develop more accurate methods for predicting rotational noise 
levels under conditions of nonuniform inflow over the rotor disc. 

The computer program will calculate the root-mean-square sound pressure 
level for up to the 10th harmonic of rotor noise at any field point in the 
near or far field outside of the rotor disc. Noise levels can be calcu- 
lated either from a rectangular chordwise distribution of pressure or from 
the measured chordwise distribution. The equations for noise prediction 
using the arbitrary (measured) chordwise distribution are derived in Volume 
I of this report. Although this report concentrated on a helicopter rotor, 
the analytical results are applicable to propellers in general. 
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FOREWORD 

A computer program for rotational noise prediction was written by Sikorsky 
Aircraft, Division of United Aircraft Corcoration, as part of Contract 
DA W»-177-AMC-M8(T), Task lFl62203All+80l'. USAAVLABS Project Engineer was 
Mr. Joseph H. McGarvey. 

Acknowledgement is made to Mr. Gediminias Campe for his help in designing 
the computer program and in bringing it to operational status. 
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INTRODUCTION 

This report describes a computer program for calculating noise harmonic 
levels of rotor (or propeller) rotational noise at any point in the acous- 
tic near or far field.    In order to simplify the analysis, noise due to 
blade thickness and aerodynamic shears is not considered, and the rotor 
disc is assumed to be a flat circular plate perpendicular to the thrust of 
the rotor system. 

The basic physics of the noise prediction analysis are straightforward. 
Acoustic dipoles  (sources and sinks) are the mathematical models used to 
describe the pressure variations caused by a rotor blade passing over any 
given point in the rotor disc.    By applying an acoustic wave equation, the 
pressure variations at this point in the disc are transformed to a rota- 
tional noise component at a particular field point or observer location. 
In order to calculate the net rotational noise for a given harmonic and 
field point, the contributions of many points in the rotor disc are added 
(vector addition with magnitude and phase) to produce the root-mean-square 
sound pressure level  (SPL)  in decibels  (dB). 

The form of the pressure pulse seen by a point in the rotor disc is impor- 
tant in determining how much noise will be generated.    The noise prediction 
program is designed to use a pulse of arbitrary form, namely the measured 
chordwise distribution of differential pressure on the section of rotor 
blade that passes over the point of interest in the rotor disc. 



PROGRAMMER/USER E^FORMATION 

HARDWARE AND SOFTWARE REQUIREMENTS 

The noise prediction computer program is written in FORTRAN V for a UNIVAC 
1108 digital computing system. In order to manipulate all of the data 
generated by the program, direct-access storage devices are used. These 
devices should te UNIVAC FH-332 drums, each with a capacity of at least 
90,000 words.  Three drum units are called by the program. 

PROGRAM DESCRIPTION 

The following sections of this report describe the subroutines, structure, 
and running of the noise prediction computer program. 

Subroutines 

The name and function of each of the program subroutines are listed below. 
During normal operation, i.e.,all input data on punched cards, the sub- 
routines dealing with magnetic tape will not be called by the main program 

E676   Main program, calculates SPL based on the actual chordwise distri- 
bution of pressure 

BLODAT BLOCK DATA subroutine. 

RDKU   Reads in one record from the proper input tape, where two recordu 
make up one azimuthal pressure cycle. 

UNPACK Unpacks an array containing tape information (two records) into 
separate arrays representing azimuthal pressure cycles for each 
pressure transducer channel. 

INTERP Linearly interpolates pressure pulse harmonics up to 20 blade span 
stations and 288 azimuths. 

CUE    Calculates an array which is a function of azimuth and blade station. 
A double integration of this variable yields the sound pressure com- 
ponents Um and Vm. 

INPUTA Reads and prints out card input. 

MERGES Combines the absolute pressure of the instnunented top and bottom 
blade stations, to produce only differential pressures for all blade 
stations. 

OUTSPL Output subroutine. 

DFSRIE Computes the coefficients of a Fourier series. 

AVQUAD Performs integration by averaged quadratics based on Lagrange inter- 
polation. 



E386RN Calculates SPL based on a rectangular chordwise distribution of 
pressure. 

SIMCOR Simpson's Rule integration subroutine. 

CURVIT Cubic interpolation subroutine. 

PARAM Subroutine used by CURVIT. 

CUBIC Subroutine used by CURVIT. 

TRIDAG Subroutine used by CURVIT. 

START Initializes the clock subroutine CLOCK. 

CLOCK Calls the computer clock for the time. 

Overlay Structure 

In order to pack the data and processing instructions into the memory of 
the UNIVAC 1108, an overlay technique was used. The overlay map is given 
below. The small "b" indicates a blank space on the punched card. 

| 
t bbMAPbE676,,OVER 

bbbbbbbSEGbE676- (»E386RN, »ALPHA) 

ALPiiAbbSEGb»RDKU-*UNPACK-«INTERP-»CUE-*INPUTA-*MEaSGES-»OUTSPL-»DFSRIE 

7/8bABSb0VER)AE676 

7/8bXQTbCUR 

Program Symbols 

Both the definition of the alpha-numeric symbols and their proper input 
units are indicated below.    These symbols axe used in the programmed equa- 
tions and in the sample input that are presented later in this report. 
During normal operation, only those symbols under CARD INPUT need to be 
included in the input data set. 

DESCRIPTION 

Blade thickness; floating point 

Blade chord; floating point 

TAPE CARD PROGRAM 
INPUT INPUT SYMBOL UNITS 

XX X BB in. 

XX X AA in. 

XX X BLADEL in. Length of blade (root to tip); 
floating point 



TAPE   CARD    PROGRAM 
INPUT  INPUT   SYMBOL UNITS DESCRIPTION 

XX 

XX 

XX 

XX 

XX 

XX 

XX 

XX 

XX 

XX 

XX 

XX 

XX 

XX 

XX 

X 

X 

X 

X 

GAMA 

RO 

CC 

OMEG 

DPSI 

NBLADE 

MLIMDP 

MLIMRN 

LSPAN 

IREELS 

TCOP 

PUNCH 

INTERM 

IDD 

E3860P 

deg/in. Twist rate of main rotor blade; 
floating point 

in.     Radial station with zero twist; 
floating point 

in./sec Speed of sound; floating point 

rpm    Rotor rotational speed; floating 
point 

deg    Delta azimuth angle3l.25 or a 
multiple of 2.5 . All calculations 
are done at this increment 

Number of main rotor blades; fixed 
point 

Highest order of harmonic desired 
to represent all pressure cycles 
(=1 to 30); fixed point 

Highest order of harmonic desired 
in the rotor noise calculations 
(»1 to 10); fixed point 

The number of radial stations as a 
result of interpolation (=10 or 20). 
This is an option 

Total number of reels (up to 5) 

'TAPE,  data will be read from tape 

=CARD, data will be read from cards 

=YES (option to punch out pressure 
cycle coefficients) 

Intermediate output to be used for 
checkout; »YES or = NO 

Debug printout option; = 0, do not 
print; =1, print 

=YES, call rotor noise subroutine 
E386RN 
=N0, do not call E386RN 



TAPE 
IMPUr 

XX 

CAM) 
IMPUT 

XX 

XX 

XX 

XX 

X 

X 

X 
X 

PROGRAM 
SYMBOL 

OPROHO 

UNITS 

NFT 

AMG 

NHH 

IBURST 

BO 

deg 

XX X KEY1 
XX X KEY2 
XX X KEY3 

XX X CAPRF(I) ft 
XX X THETAF(I) deg 
XX X ALFAF(I) deg 

XX X XFP(I) in. 
XX X YFP(I) in. 
XX X ZFP(I) in. 

deg 

deg 

deg 

BIG 

BIS 

IN 

JN 

CN(I,JN,IN) psi 
SH(I,JS,IN) psi 

DESCRIPTION 

Option to calculate SPL from actual 
chordwise loading =YES, perform 
rotor noise program 
=NO, go to subroutine E386RN 

Number of field points (up to 
20); fixed point 

Increment of integration used in 
E386 subroutine; floating point 

Number of Air Load harmonics for 
E386 program (up to 30); fixed 
point 

=99» have intermediate output 
from the E386 program 
=00, no intermediate output 

Spherical coordinates of field 
point I, used in subroutine 
E386RNi floating point 

Coordinates of field point I, 
origin being at center of 
rotor disc (l=variable- 1 to 20); 
floating point 

Burst number being processed, 
identifies data on telemetry tape 

Collective pitch angle; 
floating point 

Longitudinal cyclic pitch; 
floating point 

Lateral cyclic pitch; floating 
point 

Spanwise station number, fixed point 

Chordwise station number, fixed 
point 

Fourier coefficients of differential 
pressure where: I = harmonic, JN= 
chord, IN= span 

1 



TAPE CARD PROGRAM 
INPUT INPUT SYMBOL 

XX SLOPE(I.K) 

XX OFFSET(I,K 

UNITS DESCRIPTION 

XX 

XX 

XX 

XX 

XX 

XX 

XX 

psi   Conversion factors used to get the 

KUNIT(I) 

IREEL 

NC 

NTBDXd.J) 

NSTATC(I,J) 

NSTATRd.j) 

NCEND 

full scale tape data into engineering units 
I"*1'   for each tape parameter. I = channel 

full scale number, K = reel number 

Tape drive units on which to mount 
tape reels 

Input tape reel number 

Channel number 

Designates top or bottom pressure 
gage I = IREEL, J = NC 

Relative chordal position of pres- 
sure gage from leading edge 
(=1,2,3,^,5). I=IREEL, J = NC 

Relative radial station measured 
from root of "blade (=1,2,3,^,5) 
I = IREEL, J = NC 

Input control word. When NCEND is 
not blank, card specifying reel 
number follows 

XX 

XX 

ISETCI) 

FROC(K) 

01(288,20) 
Q2(288,20) 
03(288,20) 

UMF(10,20) 
VMF(10,20) 

PMRMS(10,20) 

SPLM(10,20) 

LAZI 

Set number for reel IREEL 

Filter roll-off correction curve, 
where K represents the order of the 
loading harmonic (K= 1 to 30) 

Functions used in the double 
integration 

Components of sound pressure 

Sound pressure 

Sound pressure level 

The number of azimuth stations as a 
result of interpolation This is 
calculated knowing DPSI 



TAPE 
INPUT 

CARD 
INPUT 

PROGRAM 
SYMBOL 

IRS(I) 

ITRACK(I) 

FI(I,J) 

NCHAN(I,L) 

RR(I) 

XA(I,J) 

NCH(I) 

XLO(I) 
XLMd.J) 
XMM(I,J) 

CHORD(I) 

GPSI(I) 

FN(I) 

PI 

AZMTH2(I) 

AZMTH(I) 

UNITS DESCRIPTION 

Instrumented radial station counter, 
counting from blade root. If 
station N.G. then IRS(l) = 0 

Track number for reel number I 

Gaussian integration factors for 
radial station I, chord station J 

Blade instrumented station designa- 
tion for radial station I, chord 
station J. If = 0, then that 
station is N.G. 

fraction Fractional radial station measured 
from hub center. I = span station 
= 1 to 5 

fraction Fraction of distance along chord 
from leading edge. J = span a 1 to 
5,1= chord station = 1 to 5 

Total number of chord stations for 
radial position I 

lb/in. 
lb/in. 
lb/in. 

fraction 

psi 

rad 

rad 

deg 

Air Load harmonics used in subroutine 
E386 where: I = radial station and 
J = harmonic 

Chord sLation array used in the 
average quadratics integration to 
get Air Loads (I = chord) 

Differential pressure array  along 
a chord, used in average quadratics 
integration 

Temporary array used to store Air 
Loads just before harmonic analysis 

PI = 3.1^159 

Azimuth array 0 to 2ir rad in 
(2.5'/ISO) rad increments 
(I = 1 to lkk\ 

Azimuth array 0 to 360 deg in 
2.5-degree increments (I = 1 to ikk) 



TAPE CARD PROGP.AM 
INPUT INPUT SYMBOL 

AZMrH3(288) 

UNITS 

DPRAD rad 

BLADES 

SPM(L) in. 

in. 

B deg 

GPSII(I) psi 

CH0RD2(I) fra 

M(I,J,K) 
BN(I,J,K) 

TEMI(I) 
TEM2(I) 

AZRAD rad 

ICHANLd.J) 

NO 
YES 

NBLANK 

TEE 

DESCRIPTION 

Azimuth array every DPRAD radians 
from 0 to 2ir 

A^  expressed in radians 

Number of blades 

Radial stations used in the double 
integration, L = 1 to 20 

Distance from element of rotor disc 
to field point 

Blade pitch angle 

Array used in integration of g 
(^,R) and hj* ,R) 

m 

fraction Interpolated chord station array 
used in integration of g^[ t ,R) 
and h ( ^.R) 

m 
m 

DEE 

Cosine and sine Fourier coeffi- 
cients used in filter roll-off 
correction. I = harmonic, J « 
channel, K = reel 

Temporary arrays used in Fourier 
analysis subroutine arguments 

2.3 expressed in radians 

Tape channel designation, where 
J = 1 to NOCH(J) and I = 1 to IREELS 

Control words used to check whether 
or not to execute an option 

Word with all blanks in it 

Equals "T" in Hollerith used to 
designate top of blade 

Equals "B" in Hollerith used to 
designate bottom of hlade 

Equals "D" in Hollerith used to 
designate differential pressure 



TAPE    CARD 
INPUT  INPUT 

PROGRAM 
SYMBOL UNITS 

COSINE(I)   deg 

SINE(I)     deg 

AZUl(l)     rad 

NCYCLE 

CYCLES 

KU 

NDIV(U) 

BMASK(6) 

NOCH(I) 

LIRS 

FTRACK 

FBURST 

FREC 

NN(U35) 

ND1(I,J,K) 
ND2(I,J,K) 

DATA2(I,J,K) 

DATA1(I,J,K) psi 

DESCRIPTION 

Cosine array defined every DPSI 
degrees 

Sine array defined every DPSI 
degrees 

Azimuth points I along the chord 
for a given nominal azimuth 

Cycles in a burst, counter 

Total number of cycles in a burst 

Current tape unit number 

Used to shift integer numbers 

Used to mask out parts of a word 

Total number of good channels on 
reel number I 

Number of good radial stations 

Current track numbers being read 
from tape (2nd half of NN(217)) 

Current burst number being read 
from tape (2nd half of NN(2l8)) 

Current record number being read 
from tape (2nd half of NN(219)) 

Tape data cycle array made up of 
2 records (Last 3 words are control 
words) 

Unpacked raw data arrays where: 
I = azimuthal data point, J = chord 
station, K = radial station 

Unpacked average raw data cycle 
where:I = data point, J = chord 
station, K = radial station 

Scaled and corrected average pres- 
sure cycles where: I = data point, 
J = chord, K = radial station 



TAPE 
INPUT 

CARD 
INPUT 

PROGRAM 
SYMBOL 

COSRN(I) 
SINRN(I) 

GPSI2(I) 

GMAHd.K) 

HMAR(I,K) 

DPSII(I) 

GMARI(I,K) 

HMARI(I,K) 

TEMPI(I) 
TEMP2(I) 
TEMP3d) 

XO(I) 
YO(I) 

wd) 

NOPTSl 

ISI 

POINT(15) 

UNITS DESCRIPTION 

Cosine and sine arrays, the elements 
being calculated at each instrument- 
ed chord station. Used in cal- 
culating Fourier coefficients of 
acoustic Air Loads 

psi     Differential pressure array along 
a chord, used in average quadratics 
integration 

mth cosine coefficient of acoustic 
pressure pulse where K = radial 
station, I = azimuthal station 

mth sine coefficient of acoustic 
pressure pulse where K = radial 
station, I = azimuthal station 

psi     Differential pressure array along 
chord, used in averaged quadratics 
integration 

mth cosine coefficient of acoustic 
pressure pulse after interpolation. 
I = up to 288, K = 10 or 20 

mth sine coefficient of acoustic 
pressure pulse after interpolation. 
I = up to 288, K = 10 or 20 

Temporary work arrays used in the 
interpolation of GMAR and HMAR 

Arrays used in interpolation, 
I a 1 to 20 

Temporary work array, I = 1,1h 

Number of radial stations before 
interpolation (including end points 
.191* and 1.0)(up to 7) 

ISI = (DPSI/2.5) > 1; if < 0 
then ISI = 1   ~ 

Gauss integration points 
(normalized) 

10 



TAPE CARD PROGRAM 
INPUT INPUT SYMBOL 

WP0INT(15) 

NXY 

UNITS 

PI2 rad 

IX 

IY 

DESCRIPTION 

Gauss integration weights 

Number of Gauss points and weights 
to be used 

PI2 = 6.28318 

The number of radial intervals to 
be used in the double integration 

The number of azimuthal intervals 
to be used in the double integration 

Input/Output 

The input format is defined symbolically in Figure 1.    Note that the blank 
lines are used to insure legibility.    Normal input data would have no 
blank lines (unpunched cards) unless all of the parameters on a particular 
card happen to be equal to zero.    Figure 2 is a sample numerical input for 
the first span station with 8 harmonics of pressure for each chord station. 
The format for the pressure harmonics CN(l,J,K)  and SN(l,J,K) for the re- 
maining span stations is completely analogous to that for Span 1.    Span 
stations are specified from root to tip of the blade, and chord stations 
are specified from leading edge to trailing edge. 

Normal output from the noise prediction program contains the following 
information: 

1. Listing of the input parameters except the harmonics of pressure. 
2. Values of differential pressure at each span and chord station 

every DPSI degrees of azimuth from the sum of the input pressure 
harmonics. 

3. Field point coordinates and the corresponding predicted SPL for 
each noise harmonic. 

A typical output is contained in Figure 3. 

Operating Instructions 

The noise prediction computer program has several options that may be se- 
lected.    For normal operation, the print options  for INTERM and IDD should 
be refused.    If this is not done, several hundred pages of non-essential 
output will be generated.    The following suggestions assume that the input 
pressure data are on pi'iched cards so that option TCOP is equal to CARD 
(i.e., no data on magnetic tape). 

The azimuthal increment of integration for E6T6 can be varied from 1.25 
degrees to integral multiples of 2.5 degrees, while the value of ANG used 
in subroutine E386RN can be any value greater than 0.5 degree as long as 

1 
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(360/ANG)  is an even integer.    Normally, DPSI and MG should be equal.    If 
only the first harmonic of noise is being calculated, an increment of 10.0 
degrees is acceptable.    If k harmonics of noise are desired,  an increment 
of 2.5 degrees is recommended.    The number of interpolated span stations 
can be 10 or 20.    The larger is recommended for DPSI of 2.$ degrees or less. 

Results presented in Volume I of this report demonstrate the importance of 
high-frequency loading harmonics for prediction of the higher harmonics 
of noise.    At least 15 loading harmonics are recommended for calculation 
of up to the fourth noise harmonic.    However, if only the level of the fun- 
damental is desired, 2 or 3 loading harmonics probably will suffice. 

Running time will be a function of the angular increment selected.    Cal- 
culation of k harmonics of rotor noise at 20 field points  from both the 
actual and the hypothetical rectangular chordwise pressure distributions 
requires approximately 6 minutes of machine    time (excluding time for CUR 
instructions and compilation which can be on the order of 1 minute). 
Calculations with the actual chordwise distribution take roughly 5 
minutes while the corresponding calculations with the rectangular distribu- 
tion require approximately 1 minute.    Running time increases as the 
azimuthal increment becomes smaller. 

The coordinate system for E676 is right-handed Cartesian with Z positive 
up (in direction of rotor thrust), X positive aft, and Y positive to 
starboard.    The origin of the system is at the center of rotation of the 
rotor.    The coordinate system for E386RN is spherical in which R is the 
distance between the center of rotation and the field point, $ is the 
azimuth angle in the plane of the rotor disc, and» is the elevation angle 
relative to the rotor disc (positive for field points above the disc). 
Figure h contains the coordinate systems for 0PR0N0 and E3860P as used for 
a conventional helicopter rotor. 

If the noise prediction program is used to calculate rotational noise for 
a propeller rather than a rotor, the following coordinate system uefini- 
tion applies.    Z and»are positive for field points on the positive thrust 
side of the rotor disc.    The X-axis and 6= zero line coincide with the ref- 
erence point for the azimuthal loading harmonics. 

It is advisable to calculate rotational noise via both the 0PR0N0 and 
E3860P options to determine if the loading details included in 0PR0N0 need 
to be considered for the configuration being studied.    If the rectangular 
chordwise loading distribution yields acceptable results, use E386 exclu- 
sively in order to save computing time. 

Detailed instructions regarding control cards and execution commands must 
be provided by a programmer who is familiar with the particular UNIVAC 
1108 installation that is to be used.    When the input data and overlay 
structure are specified correctly, no problems should be encountered in 
running the program. 
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Proprem Logic 

Program E676 proceeds as follows for card input (TCOP = CARD): 

1. Accept harmonics of differential pressure from cards.    Sum these 
harmonics to produce the differential pressure at each span and 
chord station every DPSI degrees of azimuth. 

2. If output from E386 is desired, calculate the blade section loading 
(pounds per inch of span) by integrating the differential pressures 
across the chord at each span station.    A trapezoidal integration 
routine is used. 

3. Proceed through E386. 

k.      If noise levels based on the actual chordwise pressure distribution 
are required, interpolate to provide hi points along the blade chord. 
These points axe required to define the Fourier coefficients of the 
pulse shape (chordwise pressure distribution). 

5. Calculate GMAR and HMAR for a particular noise harmonic. 

6. Interpolate GMAR and HMAR if 288 azimuthal points and 20 radial points 
are desired.    This interpolation produces GMARI and HMARI. 

7. Calculate CUE array for the first field point. 

8. Calculate UMF and VMF components of sound pressure for the first field 
point. 

9. Calculate SPLM for the first field point. 

10. Repeat steps 7» 8, and 9 for the rest of the field points (field point 
loop). 

11. Repeat steps 5 through 10 for the rest of the noise harmonics 
(harmonic loop). 

12. Repeat steps 1 through 11 for the remaining flight conditions or 
"data bursts"  (burst loop). 

Program Equations 

Volume I of this report contains the derivation of the noise prediction 
equations.    The critical parameters are GMARI, HMARI, S, Ql, Q2, Q3, UMF, 
VMF, PMRMS, and SPLM.    The relationship between these program symbols and 
their engineering counterparts is: 

GMARI 
■\ 

HMARI = h 
m 

S = • s 

Ql Sr\ 
Q2 = Qlq2 

Q3 = QII3 

> 

1 
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UMF = Um m 

VMF= Vm 

PMRMS = P 
m 

SPLM = SPL m 

f2wCr* 
UMF 

1 /    /   b q1q2 r drd^ 

r27rt 
VMF /   b «li q-s r dr d^ 

•b •'o 

(j q,=(x-rco»*)sin* $in*-{y-r »in*)$inS cos* + z cmt 

q2 = 8-("S^"^,in*)+,,m( T^'^H 
-a   /-sin» . mnfl ^.^\     ,    /-cos»    mn«,.  A\ 

OMAR 
^2 
t 

-'a/2r 

HMAR 

Ar 
hm{^)= ^ / t(r^)sinmn^ d^ 

'IT 

lk 



= (x-rcos^)   +(y-r$in4')   + z 

Program Listing 

The listing for the complete noise prediction deck is contained in Figures 
15 through 38.    Figure titles correspond to the program or subroutine con- 

tained in the figure. 

Limitations of the Program 

Some aspects of the rotational noise prediction program limit its immediate 
operation by new users. The direct-access storage drums are called 28, 29, 
and 30 by the program and the NTRAN routine. It probably will be necessary 
to change these call numbers to match those used on the UNIVAC 1108 system. 

Some additional changes will be required in the programmed equations  if 
the rotor blades being studied differ    from those of the NH-3A described 
in Volume I of this report.    In particular, the span stations for which 
input pressure data are available are assumed to be h0%, 75/^. 85^, 95^» 
and 98|{ of the radius  (BLADEL).    The program further assumes that  tne  input 
chord stations or transducer locations are at U.2%, 15.855,  30%, 60%, and 
91% chord (AA).     In addition, the lifting surface of the blade is assumed 
to consist of the outer 80.1% of span.    Changes in the chord locations 
will affect the interpolation routine used to calculate (MAR and HMAR, 
while changes to the span will affect the interpolation used to calculate 
GMARI and HMARI.    These changes are not difficult to make once the pro- 
grammer is familiar with the deck. 
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Figure 3.    Sample Output - Continued. 
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Figure 3. Sample Output - Continued. 
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pmc POINT 
(X. Y,  Z) 

a. 0PR0NO Coordinates, 

POINT 

b. E3860P Coordinates. 

Figure k.    Coordinate Systems  for 
Noise Prediction. 
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Figure6 .    Program Listing ^ Main. 
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Figure 8.    Program Listing - Main. 

kl 

i 



!     I 

o 
o 

Q 
o 

! 1,1 , 
r~«^o^oiKi*ui^h-aj<rio-<(\iK>*uT|>o^-!00>o-i<vi(0*\n<j5h-l<oo>oMi>jio*in<of- 

(yivinininlnioJAiAtniivitviniiviNNnttvinjninjNNtvjninifvicvininjMnicvicviniNMcsiNNÄl 

oHoiioa-invof^ooaio 

(M<\ AI(M<M<N|<V<MCMNnl<\|Ot 

>- 
o 

| 

5 

o 

u. 
u. 
UJ 
o 
u 
X 
UJ 
»-t 
QC 
D 
o 

u 

3 
7» 

u: 

■3 
Q. 
t- 

O 

o 
UJ 
X 
u 
z 

a 

UJ 
1/1 
o 
2 

a 
o 
O 

« 
I » 

z 
UJ • 
OC»- 
UJ3 
U.O 
u. 
-«a 

*- 3 
Q. 

S 

z — 

- ac 
IUJ «t 

,1- UJ 
o x 
UJ 3 

Igö 
u a. 
— a. 
x 

I« -i * < 

X 2 
CM UJ 

, » a. — uj 
d- u. 
• u. 

o »• 
3S 
a. in 

o    o 
ot- r 

in 
~ «i- 
1/131/1 
UJIOK i-i 
Z m-» 
• » -t 

Z - 
u^ - 

0.H X 

U. X O • 
-• * a. • 

x 
o (M 
* * 
M 

: "^ — 
>- 

U Ul 
«H   > 
z — 
O 1- 
X U 
X J 
S a- Z trt 

ui 
l/> X X 
HU 
a»»- .j 
• •-■ < 
OO. X 
-< UJ 
OIUI I- 
-Q < 

O < J 
asj • 

JJ -i ~x < 
IOWZ 
» M « 
« O 

N —3 
•Jl- >- 
il < « 
H X (9 
HX Z 
ar o o 
« a. _i 

x 
PO 

z 

X 
3 
in 
< 
Uj -« 
z 
x • 
* - 
* >- 

-J 
VUJ 

> 
T t- 
< u 
a. UJ 
1/10. 

m 
m UJ 

x 
Ul 
11- 
»- o 

o 
U. X 
o 

UJ 
xo 
u < 
< -t 
ul IB 

I- UJ 
< X »- 
I/) 
Z Q 
o z •-• < 
1- 
< 'J 
t- (0 
(no 

UJ 

X <0 

S5 
< 

inuj 
_l 

U. Z 
I- 

Jt 
O Z 
MO 
Z X 
o u. 
Z 
X X 

\ 

UJ 
a. 

n >- 
o 
< 
UJ 
»- 
(/> 
X 
CO 

a 
x 
o 
x 

■ u 
■ X 

z 
u < 

IX 
■ PJ 

v/l 

3 
u. 
UJ- 
o 

* 
Ul   • 
Z O 

M    ui ■> 
+     o > 

-> •      i-i M z 

a M S 
OHO 
O« J 
J 

« a 
z * x 
< o 
OL o x 
J» 3 J 

•       * 
»       * 

if) — 
• 0> 

II • 

* UJ 

*-• 
O X 
3 S 

Si- 
X J> 

lyiuj 
oa. 

o 
UIZ 
z in 

in 
 1 - 
* * -<« 

I 

x 

Q 
Ul 

in 
-* »-* 
a. 
o       - - 
z       a >- 
■i         o 3 
-i       x a. 
X - w Z 

J - 
-i in x 
II K   • Ul 
* z * a. 
> Ul II < 

— 1H ^ H 
PH U    • 
» M - u. 
■> U. M O 

Q 
< 
UJ K 
K l/> 
^X 

"CD 

Z 

Z 
O 

?   5 
z 
u 

3 
a. 
z 

5 2 
: N < 
< u 

i ~> x 
o 

o 
X UI 
o a. 
x < 

z 
< 
a. 
U) 

a. in 
oo 
u. •-• 

z 
l/t o 
UJ z 
-I X 

— u < 

z    o 
M UJ UJ 

-       .      -IXI- 
z    »«    £ 5u 

o 
UJ 
►- 
a. 
ui 
o 
u < 
z 
Ul 
UJ 
31 

r- N    i- — —     »a. 
-4 «     3 <M n X MQ 

«-f»**  »  • OM J 

< Jl << xz ^I JJ < (JO •> 
H-t-X l-HO Q 
xxXM K < 
X XO I O« il 
B Bx ■»J X 

a *    « o 
* *    • w 

• 

OM J 
-    oa 
OZ lAK 

XI X O X 

• • 
• « 
• * 

O   w   — 
in oa < < 
O Jj jj 
3 X Z 

l>- » 

n i> 

ll 
x x 

- .1 ui 
M m x 
II UI K 
^ X O 
• a u 

• »- 
^ Z 10 
— UIZ 
Z X -i 
IftUIX Ji 
so    a. 
*    >-ö 
» UJ « O 

- « a 
OK z z 
<UJ5< 
J > ox 
x < x y> 

I a 

^^ 
• -J 

O 
M J 
■-J 
X< 
-• J 

£*"o 
M* — < 

m    m o o HMX 
• x » < x - • >J 

II O II IM      II   » ♦ 
MJ-i4Zl£«>4   • 

|   H-       —HO 
•43 »l      3 -• ^ 
m x in ii z m < n ii 

•-<X<0£0-4N0<>4«> 
i-ijoj3»-<5ai-- 

o • 
it • < 

u o u u u 

X 

§ x« 
§^ 
J - 

<4 
O II 

•M J 

< o x a 
» 
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Figure    17.    Program Listing - CURVIT. 
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Figure 18. Program Listing - CURVIT, RDKU. 
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Figure 19. Program Listing - RDKU, INTERP. 
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Figure 22. Program Listing -MERGES, DFSRIE. 
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Figure 23. Program Listing - DFSRIE, CUE. 
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Figure 25.    Froeram Listing - BLODAT, INPUTA. 
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Figure 26. Program Listing - INPUTA. 
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Figure 28. Program Listing - UNPACK, PARAM. 
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Figure 30. Program Listing - TRIDAG. 
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Figure 37.    Progrem Listing - SIMCOR, START, CLOCK. 
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